Heat transfer problems with a phase-change such as melting and freezing have been studied in the last century due to their wide scientific and technological applications. A review of a long bibliography on moving and free boundary problems for phase-change materials (PCM) for the heat equation is shown in (Tarzia, 2000a) . Some previous reviews on explicit or approximated solutions were presented in (Garguichevich & Sanziel, 1984; Howison, 1988; Tarzia, 1991b Tarzia, & 1993 . Some reviews, books or booklets in the subject are (Alexiades & Solomon, 1993; Bankoff, 1964; Brillouin, 1930; Cannon, 1984; Carslaw & Jaeger, 1959; Crank, 1984; Duvaut, 1976; Elliott & Ockendon, 1982; Fasano, 1987 Fasano, & 2005 Friedman, 1964; Gupta, 2003; Hill, 1987; Luikov, 1968; Lunardini, 1981 Lunardini, & 1991 Muehlbauer & Sunderland, 1965; Primicerio, 1981; Rubinstein, 1971; Tarzia, 1984b Tarzia, & 2000b Tayler, 1986) .
The Lamé-Clapeyron solution for the one-phase solidification problem (modeling the solidification of the Earth with a square root law of time)
We consider the solidification of semi-infinite material, represented by x 0 > . We will find the interface solid-liquid xs t () = and the temperature TT x t (,) = of the solid phase defined by ( ) 
Eq. (2) represents the heat equation for the solid phase, k is the thermal conductivity, ρ is the mass density, c is the heat capacity, is the latent heat of fusion by unit of mass, T 0 is the imposed temperature at the fixed face x 0 = , and the material is initially at the melting temperature f T . The problem (2)- (6) is known in literature as the one-phase Stefan problem (Lamé-Clapeyron-Stefan problem) and the condition (5) as the Stefan condition. Free boundary problems of this type were presented by the first time in (Lamé & Clapeyron, 1831) in order to study the solidification of the Earth and was continued independently by (Stefan, 1891a (Stefan, , b & 1990 in order to study the thickness of polar ice. We remark here that Lamé & Clapeyron found the important law for the phase-change interface with a square root of time. Theorem 1. (Lamé-Clapeyron solution) . The explicit solution to the free boundary problem (2)- (6) 
Proof. We have the following properties: 
which implies that the problem (2)- (6) is always a nonlinear problem (Pekeris & Slichter, 1939) . Remark 2.
A generalization of the Lamé-Clapeyron solution is given in (Menaldi & Tarzia, 2003) for a particular source in the heat equation. A study of the behaviour of the Lamé-Clapeyron solution when the latent heat goes to zero is given in (Guzman, 1982; Sherman, 1971) .
The pseudo-steady-state approximation for the one-phase problem
An approximated solution to problem (2)- (6) is given by the pseudo-steady-state approximation which must satisfy the following conditions: (3)-(6) and the steady-state equation 
Theorem 2 (Stefan, 1989a) The solution to the problem (15), (3)- (6) 
Remark 4. A study of sufficient conditions on data to estimate the occurrence of a phase-change process is given in (Solomon et al., 1983; Tarzia & Turner, 1992 .
2.3
The heat balance integral method (Goodman method) and the approximate solution for the one-phase problem An approximated solution for the following fusion problem (similar to the solidification problem (2)- (6))
is given by the heat balance integral method, known by the Goodman method (Goodman,1958) . This method consists of replacing the Stefan condition (26) by
and the heat equation (23) 
In order to solve (30), (28), (24), (25) and (27), we propose an approximated temperature profile 
Remark 5.
Other refinements of the Goodman method are given in (Bell, 1978; Lunardini, 1981; Lunardini 1991) . In Reginato et al., 2000) the heat balance method was applied to root growth of crops and the modelling nutrient uptake. In (Tarzia, 1990a ) the heat balance method was applied to obtain the exponentially fast asympotic behaviour of the solutions in heat conduction problems with absorption.
The Stefan solution for the planar phase-change surface moving with constant speed
When the phase-change interface is moving with constant speed we can consider the following inverse Stefan problem: find the temperature TT x t (,) = and ft T t () ( 0 ,) = such that:
Theorem 4. (Stefan, 1989b (Stefan, & 1991 The solution to (34)-(37) is given by
and the temperature at the fixed face is variable in time given by the expression:
Remark 6. More details with respect to the inverse Stefan problem can be found in (Quilghini, 1967 
Theorem 5. :
The explicit solution to problem (40)-(44) is given by:
where
and 0 ξ > is the unique solution to the equation If the Stefan number is small, then an approximated solution for ξ and μ is given by:
2.6 The Cho-Sunderland solution for the one-phase problem with temperaturedependent thermal conductivity We consider the following solidification problem for a semi-infinite material
where T(x,t) is the temperature of the solid phase, ρ >0 is the density of mass, 0 > is the latent heat of fusion by unity of mass, c >0 is the specific heat, x=s(t) is the phase-change interface, T f is the phase-change temperature, T o is the temperature at the fixed face x=0. We suppose that the thermal conductivity has the following expression:
Let o =k o /ρc be the diffusion coefficient at the temperature T o . We observe that if =0, the problem (50)-(53) becomes the classical one-phase Lamé-Clapeyron-Stefan problem. Theorem 6. (Cho & Sunderland, 1974) The solution to problem (50)- (54) is given by:
is the modified error function, for δ > -1, the unique solution to the following boundary value problem in variable x, i.e:
and the unknown thermal coefficients λ and δ must satisfy the following system of equations:
Remark 8. Explicit solutions are given in (Briozzo et al., 2007 (Briozzo et al., & 2010 Briozzo & Tarzia, 2002; Natale & Tarzia, 2006; Rogers & Broadbridge, 1988; Tirskii, 1959; Tritscher & Broadbridge, 1994) where nonlinear thermal coefficients are considered and in (Natale & Tarzia, 2000; Rogers, 1986 ) for Storm's materials.
2.7
The Neumann solution for the two-phase problem for prescribed surface temperature at the fixed face We consider a semi-infinite material with null melting temperature f T 0 = , with an initial temperature C 0 −< and having a temperature boundary condition B 0 > at the fixed face x 0 = . The model for the two-phase Lamé-Clapeyron-Stefan problem is given by: find the free boundary xs t () = , defined for t 0 > , and the temperature TT x t σ ρρ
Tx t T i f x s t t T x t T if x s t t Txt T i fs t x t
where 0 σ > is the unique solution to the following equation:
Remark 9. It is very interesting to answer the following question: When is the Neumann solution for a semi-infinite material applicable to a finite material x 0 (0, ) ? (Solomon, 1979) .
Taking into account that erf x for 2 x () 1 ≅ ≤ , we have an affirmative answer for a short period of time because Tx t C 10 (, ) ≅ − is equivalent to
that is
Remark 10. A generalization of Neumann solution is given in (Briozzo et al, 2004 (Briozzo et al, & 2007b for particular sources in the heat equations for both phases. A study of the behaviour of the Neumann solution when the latent heat goes to zero is given in (Tarzia & Villa, 1991) . A generalization of Neumann solution in multi-phase media is given in (Sanziel & Tarzia, 1989; Weiner, 1955; Wilson, 1978 Wilson, & 1982 , and when we have shrinkage or expansion (Fi & Han, 2007; Wilson & Solomon, 1986 ). 
The
then we have an instantaneous change of phase and the corresponding explicit solution is given by: 
x Tx t A B e r f x s t t at
22 2 2 ( , ) ( ), 0 ( ), 0 2 = +≤ ≤ >(79)
x T x t A B erf s t x t at
and w 0 > is the unique solution to the equation 
Corollary 9 (Tarzia, 1981) The coefficient σ that characterizes the free boundary st t () 2 σ = of Neumann solution (69)- (74) 
2.9 The Neumann-type solution for the two-phase problem for a particular prescribed convective condition (Newton law) at the fixed face, and the necessary and sufficient condition to have an instantaneous phase-change process We consider the following free boundary problem: find the solid-liquid interface xs t () = and the temperature Txt (,) defined by
which satisfy the following equations and boundary conditions
where the subscripts s and l represent the solid and liquid phases respectively, ρ is the common density of mass and is the latent heat of fusion, and f i TTT ∞ < < . We have the following results: Theorem 10. (Tarzia, 2004) If the coefficient h 0 verifies the inequality
there exists an instantaneous solidification process and then the free boundary problem (89)- (95) has the explicit solution to a similarity type given by
and the dimensionless parameter 0 λ > satisfies the following equation
where function F and the b's coefficients are given by
Proof. Function F has the following properties:
Therefore, there exists a unique solution λ >0 of the Eq. (100) if and only if
inequality (96) holds.
The similarity solution for the two-phase Lamé-Clapeyron-Stefan problem with a mushy region
We consider a semi-infinite material initially in the solid phase at the temperature
We impose a temperature f BT 0 >= at the fixed face x 0 = , and the fusion process begins, and three regions can be distinguished, as follows: (Tarzia, 1990b) : Therefore, the problem consists of finding the free boundaries xs txr t () , () = = , and the temperature:
defined for x 0 > and t 0 > , such that the following conditions are satisfied: 
Theorem 11. (Tarzia, 1990b) i. The explicit solution to the problem (107)- (114) 
Proof.
We have the following properties
and the thesis holds.
Remark 11
If the boundary condition (114) is replaced by a heat flux condition of the type (77) then we will have an instantaneous change of phase if and only if the coefficient q 0 that characterizes the heat flux (77) verifies an inequality (Tarzia, 1990b) .
2.11
The similarity solution for the phase-change problem by considering a density jump We will consider the two-phase Lamé-Clapeyron-Stefan problem for a semi-infinite material taking into account the density jump under the change of phase. We will find the interface ss t () 0 => (free boundary), defined for t 0 > , and the temperature
defined for x 0 > and t 0 > , such that they satisfy the following conditions: 
Theorem 12 (Carslaw & Jaeger, 1959; Rubinstein, 1971) The explicit solution to the free boundary problem (124)- (130) 
erf a AB erfca e r fca 00 0 22 00 
and γ is the unique solution to the following equation: 
Theorem 13 (Bancora & Tarzia, 1985) i.
If we replace the boundary condition (130) by the following one given by:
then there exists an explicit solution corresponding to the free boundary problem (124)- (130) and (138) 
In this case the explicit solution is given by: 
erf w a Cw D erfcwa e r fcwa 00 0 22 00 
and w is the unique solution to the following equation: 
We have the following properties:
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Remark 12 .
When the boundary condition at the fixed face x 0 = is given by (93) the explicit solution was given in (Tarzia, 2007) .
2.12 The determination of one or two unknown thermal coefficient through an overspecified condition at the fixed face for one or two-phase cases We consider the one-phase Lamé-Clapeyron-Stefan problem with unknown thermal coefficients. If we give an overspecified boundary condition at the fixed face x 0 = we can determine one or two unknown coefficients following (Arderius et al., 1996; Cannon, 1963 Cannon, & 1964 Garguichevich et al., 1985; Jones, 1962 Jones, & 1963 Tarzia, 1982 Tarzia, ,1983 Tarzia, & 1984 ).
Determination of one unknown thermal coefficient through a one-phase case
The problem consists of finding the free boundary xs t () = , the temperature TT x t (,) = , and one unknown thermal coefficient chosen among { } kc ,,, ρ such that they must satisfy the following conditions (we have a free boundary problem):
where q 0 is the coefficient that characterizes the heat flux at the fixed face x 0 = and it must be obtained experimentally. Theorem 14 (Tarzia, 1982) Let T 0 and q 0 be determinated experimentally. The solution for the determination of one thermal coefficient is given by:
where σ and the unknown thermal coefficient are computed in the summarized way in the following Table 1: www.intechopen.com Remark 13. The determination of one unknown thermal coefficient for phase-change problems with temperature-dependent thermal conductivity of the type (54) was given in (Tarzia, 1998) .
Determination of two unknown thermal coefficients for the one-phase case
If the interface solid-liquid is given by the law:
where the coefficient 0 σ > was determined experimentally then the problem consists of finding the temperature TT x t (,) = and two unknown thermal coefficients chosen among { } kc ,,, ρ such that they satisfy the conditions (147)- (152) (we have a moving boundary problem). Theorem 15 (Tarzia, 1983) Let T 0 , σ and q 0 be determined experimentally. The solution for the determination of two thermal coefficients is given by
www.intechopen.com (Tarzia, 1987) . The simultaneous determination of two unknown thermal coefficients for phase-change problems with temperature-dependent thermal conductivity of the type (54) was given in (Salva & Tarzia, 2010 ) with a sensitivity analysis.
Determination of one or two unknown thermal coefficients through a two-phase Lamé-Clapeyron-Stefan problem
The determination of one or two unknown thermal coefficients for a two-phase solidification or fusion problem was obtained in (Stampella & Tarzia, 1989) . The determination of one or two unknown thermal coefficients for a mushy region was obtained in (González & Tarzia, 1996) . Another variant for the simultaneous determination of the thermal coefficients is given in (Tarzia, 1991a) . Remark 15. Explicit solutions for the determination of unknown coefficients are given in (Briozzo et al., 1999 ) for Storm's type materials.
2.13 A similarity solution for the thawing in a saturated porous medium by considering a density jump and the influence of the pressure on the melting temperature We consider the problem of thawing of a partialIy frozen porous medium, saturated with an incompressible liquid. For a detailed exposition of the physical background we refer to (Charach & Rubinstein, 1992; Fasano et al. 1993; Fasano & Primicerio, 1984; Nakano, 1990; O'Neill & Miller, 1985; Talamucci, 1997 Talamucci, & 1998 . More specifically, we deal with the following situations: i. a sharp interface between the frozen part and the unfrozen part of the domain exists (sharp, in the macroscopic sense); ii. the frozen phase is at rest with respect to the porous skeleton, which will be considered to be undeformable; iii. due to the density jump between the liquid and solid phases, thawing can induce either desaturation or water movement in the melting regíon. We will consider the latter situation, assuming that liquid is continuously supplied to keep the medium saturated. The unknowns of the problem are the function x=s(t), representing the free boundary, and the two functions u(x, t) and v(x, t) representing the temperature of the unfrozen and of the frozen zone respectively which must satisfy the following conditions: 
Moreover, the existence and uniqueness of the unknown coefficient 0 ξ > depends on the sign of the three parameters p m ,a n d υ of the problem.
www.intechopen.com
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If we replace the boundary condition (161) by the following one:
then we can consider the free boundary problem (157) - (160), (173), (162)- (163) and we can obtain the following result. Theorem 17 (Lombardi & Tarzia, 2001) The free boundary problem (157) - (160), (173), (162)- (163) 
or its equivalent
where KFmy y y Qy y py
Moreover, the existence and uniqueness of the unknown coefficient 0 ξ * > depends on the sign of the three parameters p m and , υ of the problem.
Explicit solutions for free boundary problems for the diffusion equation
Heat and mass transfer with phase change problems, taking place in a porous medium, such as evaporation, condensation, freezing, melting, sublimation and desublimation, have wide application in separation processes, food technology, heat and mixture migration in soils and grounds, etc. Due to the non-linearity of the problem, solutions usually involve mathematical difficulties and only a few exact solutions have been found. Mathematical formulation of the heat and mass transfer in capillary porous bodies has been established by (Luikov, 1964 (Luikov, , 1966 (Luikov, , 1975 (Luikov, & 1978 . Some books or booklets on the subject for the diffusion equation are (Crank, 1975; Duvaut, 1976; Fasano, 2005; Fasano & Primicerio, 1986; Froment & Bischoff, 1979; Levenspiel, 1962; Primicerio & Gianni, 1989; Szekely et al., 1976) .
The oxygen diffusion-consumption problem and its relationship with the phasechange problem
The diffusion-consumption of oxygen in absorbing tissue consists in finding the free boundary x=s(t) and the concentration C(x,t) such that they satisfy the following conditions (Crank & Gupta, 1972; Crank, 1984; Liapis et al., 1982) :
( )
Remark 16. We remark that st () does not appear in both conditions (183) and (184) on the free boundary x=s(t) and for this reason the free boundary problem is of an implicit type; the Lamé-Clapeyron-Stefan problem is one of an explicit type. Theorem 18. (Fasano, 1974; Schatz, 1966) The free boundary problem of the diffusion-consumption of oxygen in absorbing tissue is equivalent to the following Lamé-Clapeyron-Stefan problem: (186) - (191) where we define:
Remark 17. The oxygen diffusion-consumption free boundary problem was applied to the anaerobiosis in saturated soil aggregates in (González et al., 2008) .
The Rubinstein solution for the binary alloy solidification problem
We consider a semi-infinite slab of a binary alloy consisting of two components A, B. Let C be the concentration of "A". We suppose that solidification of the alloy is governed by an equilibrium phase diagram consisting of liquidus curve TtTT
where kD ,, , , ρ α represent the mass density, the thermal conductivity, the thermal diffusivity, the mass diffusion and the latent heat of fusion, being S and the subscripts that denote the solid and liquid phase respectively. Theorem 19 (Rubinstein, 1971; Solomon et al., 1983) There exists a unique solution to the coupled free boundary problem (197)- (209) 
where λ and cr T (or equivalently S C and C ) must satisfy the following conditions:
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Bi n B S
The system of equations (215) has a unique solution because of the following properties
Remark 18. Some other references on the binary alloy solidification problems are (Alexandrov & Malygin, 2006; Gupta et al., 1997; Tien & Geigen, 1967; Tien & Koump, 1970; Tsubaki & Boley, 1977; Voller, 2006 Voller, , 2008 White, 1985; Wilson et al., 1982) . In (Cirelli & Tarzia, 2010 ) the binary alloy solidification problem (197)- (209) is solved by changing the boundary condition (205) at the fixed face by a heat flux boundary condition of the type (77) or a convective boundary condition of the type (93).
The Zel'dovich-Kompaneets-Barenblatt solution for the gas flow through a porous medium
The porous medium equation for a unidimensional material is given by
which appears in a natural way, mainly to describe processes involving fluid flow, heat transfer or diffusion, the flow of a gas through a porous medium and groundwater infiltration (Vázquez, 2007) . The diffusion coefficient of the equation (221) 
assuming u 0 ≤ . Equation (221) is parabolic only at those points where u 0 ≠ and it is in general a degenerate parabolic equation because degenerates wherever u 0 = .
Its main qualitative property with respect to the classical heat or diffusion equation is the finite propagation which implies the appearance of a free boundary that separates the regions where the solution u 0 > (where there is gas, according to the standard interpretation of u as a gas density), from the empty region where u 0 = .
There exists an explicit solution to the Eq. (221) with a free boundary given by: Theorem 20 (Zel'dovich & Kompaneets, 1950; Barenblatt, 1952; Pattle, 1959) The function www.intechopen.com 
is a solution to the Cauchy problem for the equation (221) τ > . It is further assumed that the moisture in vapour form does not take away any appreciable amount of heat from the system. Neglecting mass diffusion due to temperature variation, the problem can be expressed as (Cho, 1975; Gupta, 1974; Luikov, 1978; Santillan Marcus & Tarzia, 2003) : 
where t 1 : temperature of the dried porous medium; t 2 : temperature of the humid porous medium; u 2 :mass-transfer potential of the humid porous medium; i i (1 , 2 ) 
Furthermore, the solution to the problem (226)- (235) is given by: 
ii. If the Luikov number is different than one, (that is 
Furthermore, the solution to the problem (226)- (235) is given by (238)- (240) , (242) and 
Other free boundary problem in a porous medium
There are some explicit solutions for the following free boundary problems for the diffusion equation corresponding to evaporation, freezing, sublimation or desublimation processes in (Lin, 1981 (Lin, , 1982a (Lin, & 1982b Mikhailov, 1975 Mikhailov, & 1976 Santillan Marcus & Tarzia, 2000a & b) . The simultaneous determination of one or two unknown thermal coefficients of a semiinfinite material through a desublimation process with coupled heat and moisture flows is given in (Santillan Marcus & Tarzia, 2007; Santillan Marcus, et al., 2008) .
A mixed saturated-unsaturated flow problem representing absorption of water by a soil with a constant pond depth at the surface and an explicit solution for a particular diffusivity
In wet soils, zones of saturation develop naturally in the vicinity of impermeable strata, surface ponds and subterranean cavities. Hydrology must be concerned with transient flow through coexisting unsaturated and saturated zones. Models of advancing saturated zones necessarily involve a nonlinear free boundary problem (Broadbridge & White, 1990; Knigh & Philip, 1974; Philip, 1957 Philip, & 1958 Warrick & Broadbridge, 1992) . We consider a homogeneous soil which initially has some uniform volumetric water content n θ . At times t 0 > , water is supllied at the surface x 0 = under pressure head 0 ψ .
Then, a mixed saturated-unsaturated flow problem representing absorption of water by a soil with constant pond depth at the surface is presented. At any time t the zone of saturation extends from x 0 = to xs t () = . Assuming Darcy's law and neglecting gravity, the water flux is given by
where ψ is the soil water matric potential and K is the hydraulic conductivity.
In the saturated zone we have
and we obtain a free boundary problem for the unsaturated zone: 
θ θθ 
We consider the free boundary (253)-(257) where the position st () of the free boundary and the water content field xt (,) θ must be determined; and we restrict our attention to the special functional form of the soil water diffusivity
where a , and b are positive constants. With this form of diffusivity the nonlinear diffusion equation (254) may be transformed to a linear diffusion equation. We consider the following parameter:
Remark 19. In (Briozzo & Tarzia, 1998 ) a closed-form analytic solution can be obtained for a nonlinear diffusion model under conditions of ponding surface. The explicit solution depends on a parameter C (determined by the data of the problem ), according to two cases: CC 1 1 << or CC 1 ≤ , where C 1 is a constant which is obtained as the unique solution to an equation. This results complements the study given in (Broadbridge, 1990) in order to established when the explicit solution is available. The behaviour of the bifurcaton parameter C 1 as a function of the driving potential is studied with the corresponding limits for small and large www.intechopen.com values. We also prove that the sorptivity is continuously differentiable as a function of variable C .
3.6 Estimation of the diffusion coefficient in a gas-solid system Looking for a competitive separation process like as the permeation, the development and optimal choice of membrane materials become necessary. On this subject, equations modelling the permeation process are required. The parameters contained in such a model must be obtained from simple experiments. The knowledge of solubility and diffusivity are very important to solve the separation problem. We consider a polymeric membrane swelling for a hydrocarbon solution. The following assumptions are considered: Once the gaseous component reaches a threshold concentration on the gas-polymer interface, it diffuses through the membrane in the x direction being immobilized by a quickly and irreversible transformation. Then a swelling front is generated whose position is given by the free boundary x= s(t) , t >0 with the initial condition s(0)=0 . Moreover, the hydrocarbon diffusion coefficient D in the saturated o swollen region of the polymer is considered a constant for each experimental condition. A free boundary model (Castro et al., 1987; Crank, 1975; Villa, 1987) with an overspecified condition for the onedimensional diffusion equation under the preceding assumptions is given:
where c=c(x,t) denotes the concentration profile of the hydrocarbon in the swollen area, s(t) gives the position at time t of the free interface and separates the two regions in the membrane, the saturated and unsaturated, D is the unknown diffusion coefficient in the system, and 0 , a n d C α β are positive parameters and A is a positive constant which must be obtained experimentally. Theorem 22. (Destefanis et al., 1993) The concentration profile and the free boundary position are given by:
www.intechopen.com 
where ξ is the unique solution to the equation:
Remark 20. The methodology used in this determination of the unknown diffusion coefficient is a variant of those developed in (Tarzia, 1982 (Tarzia, & 1983 for the determination of thermal coefficients for a semi-infinite material through a phase-change process.
3.7
The coupled heat and mass transfer during the freezing of high-water content materials with two free boundaries: the freezing and sublimation fronts Ice sublimation takes place from the surface of high water-content systems like moist soils, aqueous solutions, vegetable or animal tissues and foods that freeze uncovered or without an impervious and tight packaging material. The rate of both phenomena (solidification and sublimation) is determined both by material characteristics (mainly composition, structure, shape and size) and cooling conditions (temperature, humidity and rate of the media that surrounds the phase change material). The sublimation process, in spite of its magnitude being much less than that of freezing process, determines fundamental features of the final quality for foods and influences on the structure and utility of frozen tissues. Modelling of these simultaneous processes is very difficult owed to the coupling of the heat and mass transfer balances, the existence of two moving phase change fronts that advance with very different rates and to the involved physical properties which are, in most cases, variable with temperature and water content. When high water-content materials like foods, tissues, gels, soils or water solutions of inorganic or organic substances, held in open, permeable or untightly-sealed containers are refrigerated to below their initial solidification temperature, two simultaneous physical phenomena take place:
• Liquid water solidifies (freeze), and • Surface ice sublimates. For the description of the freezing process, the material can be divided into three zones: unfrozen, frozen and dehydrated. Freezing begins from the refrigerated surface/s, at a temperature (T if ) lower than that of pure water, due to the presence of dissolved materials, and continues along an equilibrium line. Simultaneously, ice sublimation begins at the frozen surface and a dehydration front penetrates the material, whose rate of advance is again determined by all the abovementioned characteristics of the material and environmental conditions. Normally this rate is much lower than that of the freezing front. A complete mathematical model has to solve both, the heat transfer (freezing) and the mass transfer (weight loss) simultaneously (Campañone et al., 2005a & b) .
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Phase change is accounted for in the following way:
• Solidification (freezing) as a freezing front (x = s f (t)) located in the point where material temperature reaches the initial freezing temperature (T if ), determined by material composition. For temperatures lower than T if (the zone nearer to the refrigerated surface) the amount of ice formed is determined by an equilibrium line (ice content vs temperature and water content) specific to the material.
•
On the dehydration front (x = s d (t)) we impose Stefan-like conditions for temperature distribution and vapor concentration. We consider a semi-infinite material with characteristics similar to a very dilute gel (whose properties can be supposed equal to those of pure water). The system has initial uniform temperature equal to T if and uncovered flat surface which at time t=0 is exposed to the surrounding medium (with constant temperature T s (lower than T if ) and heat and mass transfer coefficients h and K m (Fennema & Berny, 1974 
• The initial conditions at t 0 = :
We will solve the system (270) -(282) by using the quasi-steady method. In general, it is a good approximation when the Stefan number tends to zero, i.e. when the latent heat of the material is high with respect to the heat capacity of the solid material. This approximation has often been used when modelling the freezing of high-water content materials. Theorem 23. (Olguin et al., 2008 
Conclusion
We have given a review on explicit and approximated solutions for heat and mass transfer problems in which a free or moving interface is involved. We have also showed some new recent problems for heat and mass transfer in which a free or moving interface is also involved.
